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FUEL SENSOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. Provisional Appli 
cation No. 60/385,380, Which Was ?led on 3 Jun. 2002. This 
application is a continuation-in-part of US. Ser. No. 10/150, 
903, Which Was ?led on 17 May 2002, Which claims priority 
to US. Provisional Application Nos. 60/291,781, Which Was 
?led on 17 May 2001; 60/325,369, Which Was ?led on 27 
Sep. 2001; and 60/341,022, Which Was ?led on 30 Oct. 2001. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

This invention generally relates to ?uid content sensors. 
More particularly, this invention relates to a sensor arrange 
ment having a single capacitor that is used in tWo different 
modes to determine desired characteristics of a fuel mixture, 
for example. 

2. Description of the Prior Art 
A variety of sensors for determining ?uid contents are 

knoWn. Fuel sensors, for example, typically are used to 
determine the content of a fuel mixture Within a fuel system 
of a vehicle. Some sensors are capable of determining the 
content of the fuel mixture such as a ratio or proportion of 
alcohol to gasoline Within the fuel. Depending on the 
determined ratio, the ignition timing and fuel quantity sup 
plied by fuel injectors may be adjusted by a suitable fuel 
?oW control system. 

It is known that the relative permittivity and conductivity 
of substances or ?uids differ from each other because of the 
different oxygen levels Within each, for example. 
Accordingly, the relative contents of a ?uid mixture of 
knoWn components may be a Well-de?ned function of the 
?uid’s relative permittivity, temperature and conductivity. 
KnoWn sensors take advantage of these knoWn charac 

teristics and utiliZe the electrical properties of the ?uid 
mixture contents to make a determination regarding 
concentrations, for example. Sample patents in this ?eld of 
endeavor that are directed toWard fuel systems include US. 
Pat. Nos. 4,945,863 and 5,367,264. Each of these patents 
shoW approaches to providing a fuel sensor that utiliZes the 
electrical properties of the ?uid for making fuel content 
determinations. 

While the current approaches have proven satisfactory, 
those skilled in the art are alWays striving to make improve 
ments. For example, packaging constraints on vehicle sys 
tems continuously cause an emphasis to be placed upon 
minimiZing the siZe of components and maximiZing the 
convenience of integrating them into vehicle systems. 
Additionally, cost savings are alWays a concern to automo 
tive suppliers. 

This invention addresses the need for providing an eco 
nomical and convenient approach to measuring properties of 
a fuel. 

SUMMARY OF THE INVENTION 

In general terms this invention is a sensor that utiliZes a 
single capacitor operated in tWo different modes for deter 
mining the conductivity and permittivity of a mixture to 
provide information regarding the contents of the mixture. 

The capacitor of the sensor in one embodiment has a ?rst, 
generally cylindrical electrode that is coaxially aligned With 
the other electrode. A glass seal electronically isolates the 
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2 
electrodes. In one example, the glass seal provides physical 
support to maintain the inner electrode in the proper position 
relative to the outer electrode. The mixture ?oWs betWeen 
the electrodes so that the appropriate conductivity and 
permittivity information can be determined. The capacitor 
effectively operates in tWo different modes (using tWo dif 
ferent oscillators in one example) so that the permittivity and 
conductivity measurements are made. 

In one example, the outer electrode is connected directly 
to the fuel lines of a portion of the vehicle fuel supply 
system. In one particular example, the outer electrode is 
directly connected With portions of a fuel rail. A plastic 
housing is molded over the outer electrode and an associated 
portion of the fuel supply system. The housing includes a 
portion that supports a printed circuit board that includes 
electronics for operating the sensor. In one example, the 
printed circuit board is oriented at least partially perpen 
dicular to the axes of the capacitor electrodes. 

The various features and advantages of this invention Will 
become apparent to those skilled in the art from the folloW 
ing detailed description of the currently preferred embodi 
ment. The draWings that accompany the detailed description 
can be brie?y described as folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates an example sensor 
designed according to this invention in perspective. 

FIG. 2 is a cross-sectional vieW taken along the lines 2—2 
in FIG. 1. 

FIG. 3 is a partially exploded, schematic illustration of 
selected components of the embodiment of FIG. 1. 

FIG. 4 is a schematic, enlarged vieW of the circled portion 
of FIG. 3. 

FIG. 5 is a vieW taken along the lines 5—5 in FIG. 2. 

FIG. 6 schematically illustrates example electronics used 
to operate a sensor designed according to this invention. 

FIG. 7 schematically illustrates, in someWhat more detail, 
an example implementation of electronics for operating a 
sensor designed according to this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 schematically shoWs a sensor 20 designed accord 
ing to this invention. In this example, the sensor 20 is 
integrally incorporated into part of a fuel supply system for 
a vehicle. Supply tubing 22 and 24 are part of a fuel rail in 
one example. A connector 26 facilitates securing the 
example device in a selected position on a vehicle. 

FIGS. 2 and 3 more speci?cally shoW selected compo 
nents of the sensor embodiment of FIG. 1. The sensor 20 
includes a single capacitor 30 having an outer electrode 32 
and an inner electrode 34. In one example, the outer elec 
trode is the cathode of the capacitor 30 and the inner 
electrode is the anode. A glass member 36 physically sup 
ports the inner electrode 38 Within the outer electrode 32 and 
maintains the inner electrode 34 in an appropriate position 
so that the tWo electrodes remain electrically isolated. 

In one example, the electrode 32 is braZed directly to the 
conduits 22 and 24. The fuel mixture ?oWing through the 
conduits 22 and 24 ?oWs through the interior of the outer 
electrode 32 around the exterior of the inner electrode 34 
such that the ?uid acts as the dielectric of the capacitor. 

The example glass member 36 operates to ?uidly seal off 
one end of the chamber Within the outer electrode 32. The 
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inner electrode 34 includes a closed end 38 and the outer 
electrode 32 has a closed end 39. The outer electrode 32, 
together With the supply conduits 22 and 24 and the glass 
seal member 36 form a chamber betWeen the electrodes 
through Which the ?uid mixture ?oWs such that the contents 
of the mixture can be determined using the sensor 30. 

In one example, the glass seal member 36 is preformed as 
a cylindrical ring. The glass seal 36 is placed betWeen the 
electrodes 32 and 34 of the sensor capacitor 30. Heat is 
applied to at least partially melt the glass to establish a seal 
betWeen the electrodes 32 and 34. In one example, the 
preformed cylindrical ring and the electrodes are passed 
through a furnace to achieve the appropriate heat level and 
sealing properties. 

In one example, the material used for the glass seal 
member 36 is a knoWn compressive glass. In one example, 
the outer electrode material has a higher thermal coef?cient 
than that of the inner electrode. Accordingly, the glass seal 
member is compressed during the heating process. One 
supplier of such a compressive glass material is OSRAM. 

The glass seal 36 not only provides a ?uid seal at one end 
of the chamber betWeen the tWo electrodes but also provides 
physical support to position the inner electrode 34 Within the 
interior of the outer electrode 32 so that there is appropriate 
physical spacing betWeen them to maintain electrical isola 
tion betWeen the electrodes. Accordingly, the glass seal 36 in 
the example embodiment has three functions; providing a 
?uid seal, providing physical support to the inner electrode 
to maintain the inner electrode in a desired position Within 
the outer electrode and providing electrical insulation 
betWeen the electrodes 32 and 34. 

As best appreciated from FIGS. 1 and 2, the example 
embodiment includes a plastic housing 40 having a gener 
ally cylindrical portion 42 and a rectangular portion 44. The 
housing 40 in one example is overmolded onto the 
assembled electrodes and the ?uid conduits 22 and 24. The 
cylindrical portion 42 maintains a protective housing around 
the electronics of the capacitor 30 of the sensor 20. The 
cylindrical portion 42 and the rectangular portion 44 provide 
support for electronics that are at least partially maintained 
Within the housing 40 and Which provide the ability to obtain 
mixture content information using the capacitor 30 of the 
sensor 20. 

In the illustrated example, the electronics for operating the 
sensor 20 are supported on a printed circuit board substrate 
50. In this example, a ?rst portion 52 of the board substrate 
50 is oriented generally perpendicular to a second portion 
54, Which is smaller than the ?rst portion 52. In this 
example, the second portion 54 extends into the interior of 
the inner electrode 34. 

In this example, the circuit board substrate second portion 
54 supports a temperature sensor 56 such as a thermistor and 
tWo oscillators 57 and 58 that operate the capacitor 30 in the 
tWo different modes (permittivity and conductivity 
measurements) to make the mixture content determination. 
Placing the oscillators inside the electrodes isolates them 
from electromagnetic interference that might otherWise 
hinder their performance. A further discussion of example 
electronics suitable for use With a sensor designed according 
to this invention is provided beloW. 

In the illustrated example, the circuit board substrate 50 
preloaded With appropriate electronics is inserted into the 
housing 40 (from beneath in FIGS. 1 and 2). One end of the 
?rst portion 52 of the circuit board 50 is received Within a 
slot 60 formed on the interior of the cylindrical portion 42 
of the housing 40. An electrical connector portion 62 facili 
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4 
tates making a connection With other electronics that receive 
the information gathered using the sensor 20. The connector 
portion 62 in the illustrated example includes slots 64 (best 
seen in FIG. 3) that cooperate With extensions 66 on the 
housing portion 44 to maintain the electronics supported by 
the board 50 Within the housing 40 in a desired position. 

One advantage of the inventive arrangement is that insert 
ing the electronic circuit board 50 into the housing 40 also 
makes appropriate electrical connections betWeen the elec 
tronics supported on the board 50 and the electrodes of the 
capacitor 30. As best appreciated from FIGS. 4 and 5, a ?rst 
conductive member 70 is supported on the ?rst portion 52 of 
the circuit board 50. Extensions 72 are heat staked in one 
example onto the board substrate 52. The extensions 72 
facilitate making electrical connections (by soldering, for 
example) With other electronics supported on the circuit 
board substrate 50. When the circuit board 50 is inserted into 
the housing 40, the conductor member 70 makes electrical 
contact With one end of the outer electrode 32. This can best 
be appreciated from FIGS. 2 and 5. 

Another electrical connector member 74 is supported on 
the ?rst portion 52 of the circuit board 50, Which is imme 
diately adjacent the interface betWeen the ?rst portion 52 
and the second portion 54 in the illustrated example. The 
second conductive member 74 makes electrical contact With 
the inner electrode 34 When the circuit board 50 is appro 
priately positioned Within the housing 40. An extension 76 
that secures the conductive member 74 to the circuit board 
50 also facilitates making electrical connections With other 
electronics supported on the circuit board substrate 50. 

In one example, the conductive members 70 and 74 
comprise half Washers. In one example, the conductive 
members are Welded to the electrodes of the capacitor 30 
after the printed circuit board 50 has been appropriately 
inserted into the housing 40. The conductive members 70 
and 74 provide a single mechanical connection betWeen the 
electrodes and the other electronics of the sensor 20. 

Having a portion of the housing 44 extending perpen 
dicular to the axis of the cylindrical portion 42 provides 
support for the ?rst portion 52 of the printed circuit board 50. 
Having the ?rst portion 52 oriented at least partially per 
pendicular to the axes of the electrodes of the capacitor 30 
provides several advantages. One advantage is having a 
more compact design for meeting packaging requirements of 
various situations. Another advantage is that the potting 
process Where a gel is placed Within the housing 40 to 
support the sensor components becomes more ef?cient. With 
the design of the illustrated example, any bubbles can escape 
during the potting process. Further, the inventive arrange 
ment provides for the ability to have an equal amount of 
potting gel on both sides of the printed circuit board 50, 
Which decreases mechanical stress during temperature 
variation, for example. 

Attention Will noW be turned to the electronics used to 
operate the example embodiment of the inventive sensor. 
The general principles of making capacitance and conduc 
tance measurements are knoWn. As Will become apparent, 
the inventive sensor uses conventional measurement prin 
ciples but also includes novel features distinguishing the 
inventive arrangement from prior sensors. 

FIG. 6 schematically illustrates the sensor capacitor 30 
and electronics 170 for operating the sensor. A micropro 
cessor 172 is suitably programmed to gather the capacity, 
temperature and conductivity information obtained by the 
sensor and to compare that information to data stored in the 
ROM of the controller 172 to make a mixture content 
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determination. Calibration parameters of the sensor are 
stored in the EEPROM 174. In one example, the controller 
172 ROM includes a look up table of a plurality of prede 
termined sensor values corresponding to speci?c knoWn 
mixtures. The microprocessor 172 is programmed to utiliZe 
that information and provide an output through a conven 
tional communication port 176 to be used by the mixture 
supply controller that is responsible for the amount of fuel 
supplied to a vehicle engine, for example. A conventional 
poWer supply 178 poWers the microprocessor 172. 

One unique feature of this invention is the use of a single 
capacitor 30 to make the conductivity and permittivity 
measurements of the mixture. TWo different oscillators 180 
and 182 are selectively coupled With the capacitor 30 to 
make the tWo separate determinations (i.e., conductivity and 
capacity). The inventive arrangement includes a single 
mechanical connection 183 betWeen the capacitor 30 and the 
oscillators 180 and 182. Instead of sWitching the connection 
to the capacitor 30, the example implementation of this 
invention includes sWitching the oscillator (180 and 182) 
outputs. In such a case parasitic capacitance does not in?u 
ence the capacity to measure. 

The electronics 170 include a multiplexer 184 that 
receives the output of the oscillators 180 and 182. In one 
example, one of the oscillators operates in a MegaHertZ 
range While the other operates in a KiloHertZ range. Because 
of these relatively high frequencies, a counter 186, Which 
acts as a divider, is provided betWeen the multiplexer 184 
and the microprocessor 172 so that the microprocessor is 
capable of handling the signal information from the oscil 
lators. Although schematically shoWn as separate 
“components,” the various portions of FIGS. 6 or 7 may be 
implemented using a suitably programmed microprocessor, 
for example. The illustrated divisions are applicable to the 
described example but this invention is not so-limited. 

The inventive arrangement includes operating the oscil 
lators 180 and 182 at different frequencies and independent 
from each other so that the capacitor 30 is used in tWo 
different modes, depending on Which oscillator is activated. 

To compensate for component drifting and aging, refer 
ence oscillators 188 and 190 are provided. In one example, 
the reference oscillator 188 is set to provide an indication of 
a methanol content at a loWer end of an expected spectrum. 
The oscillator 190 is set to provide an indication correspond 
ing to a methanol content at an opposite end of an expected 
spectrum. In one example the reference capacitor 188 cor 
responds to a ten percent methanol content While the refer 
ence capacitor 190 corresponds to a ninety percent methanol 
content. The reference oscillators preferably are selected to 
remain ?xed so that they are not affected over the lifetime of 
the sensor assembly. 
As mentioned, another factor used When making a mix 

ture content determination is the temperature of the mixture. 
The illustrated example arrangement includes another oscil 
lator 192 that is coupled With the thermistor 56 that obtains 
mixture temperature information. A reference oscillator 196 
is chosen to provide calibration information to compensate 
for drift or aging of the oscillator 192 over time. 

The use of oscillators in combination With capacitors for 
obtaining the necessary information regarding the mixture 
content are knoWn. One advantageous difference of this 
invention is that a single capacitor 30 is used in tWo modes 
and only a single mechanical connection 183 betWeen the 
capacitor 30 and the oscillators 180 and 182 simpli?es the 
overall assembly and makes it more economical. 

The microprocessor 172 preferably is programmed to 
selectively sWitch betWeen the oscillators 180 and 182 to 
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6 
make the appropriate conductivity or capacity measure 
ments. The example of FIG. 7 includes electronic sWitches 
200 and 202 that are selectively operated by the micropro 
cessor 172 to achieve the desired oscillator operation to 
obtain the desired measurement. Similarly, the microproces 
sor 172 controls electronic sWitches 204 and 206 to select 
either of the reference oscillators 188 and 190. 
The arrangement of electronics for operating a sensor 

designed according to this invention can take a variety of 
forms. The example of FIG. 7 is one particular implemen 
tation of the overall inventive strategy. Those skilled in the 
art Who have the bene?t of this description Will be able to 
select from commercially available electronic components 
or to specially design hardWare and softWare to meet the 
needs of their particular situation. 
The preceding description is exemplary rather than lim 

iting in nature. Variations and modi?cations to the disclosed 
examples may become apparent to those skilled in the art 
that do not necessarily depart from the essence of this 
invention. The scope of legal protection given to this inven 
tion can only be determined by studying the folloWing 
claims. 
We claim: 
1. A sensor device, comprising: 
a single capacitor having a ?rst generally cylindrical 

electrode and a second generally cylindrical electrode 
that is at least partially received Within and coaxial With 
the ?rst electrode; 

a glass member extending at least partially betWeen the 
?rst and second electrodes to electrically isolate the 
electrodes and support the second electrode in a 
selected position relative to the ?rst electrode; and 

a circuit board substrate that supports electronics, the 
substrate having a ?rst portion that is aligned generally 
perpendicular to the electrode axes and a second por 
tion that extends perpendicular to the ?rst portion and 
Wherein the second portion is received at least partially 
Within the second electrode. 

2. The device of claim 1, Wherein the ?rst electrode is 
generally cylindrical having an open end and Wherein the 
glass member is near the open end, the glass member ?uidly 
sealing a space betWeen the ?rst and second electrodes. 

3. The device of claim 2, Wherein the ?rst electrode is 
secured to at least one conduit of a vehicle fuel supply such 
that the fuel ?oWs inside of the ?rst electrode and betWeen 
the ?rst and second electrodes. 

4. The device of claim 1, including tWo oscillators sup 
ported on the substrate second portion. 

5. The device of claim 1, including a ?rst electrically 
conductive connector member and a second electrically 
conductive connector member supported by the substrate, 
the conductive members making electrical contact With the 
?rst and second electrodes, respectively, When the second 
portion is received at least partially Within the second 
electrode. 

6. The device of claim 5, Wherein the electrically con 
ductive connectors are Welded to the respective electrodes. 

7. A sensor device, comprising: 
a single capacitor having a ?rst generally cylindrical 

electrode and a second generally cylindrical electrode 
that is at least partially received Within and coaxial With 
the ?rst electrode; 

a glass member extending at least partially betWeen the 
?rst and second electrodes to electrically isolate the 
electrodes and support the second electrode in a 
selected position relative to the ?rst electrode; 
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a circuit board substrate that supports electronics, the 
substrate having a ?rst portion that is aligned generally 
perpendicular to the electrode axes; and 

a plastic housing molded over the ?rst electrode and 
having a portion that receives and supports at least the 
?rst portion of the substrate. 

8. The device of claim 7, including a ?rst electrically 
conductive connector member and a second electrically 
conductive connector member supported by the substrate, 
the conductive members making electrical contact With the 
?rst and second electrodes, respectively, When the substrate 
is received in the housing. 

9. The device of claim 7, Wherein the housing includes a 
generally cylindrical portion that is received over the ?rst 
electrode and a second generally rectangular portion extend 
ing generally perpendicularly aWay from an axis of the 
generally cylindrical portion. 

10. The device of claim 1, Wherein the glass member seals 
off at least one end of a ?uid chamber betWeen the ?rst and 
second electrodes such that ?uid Within the chamber oper 
ates as a dielectric of the capacitor. 

11. The device of claim 1, including a plastic housing that 
is molded over at least a portion of the ?rst electrode. 

12. A sensor device, comprising: 
a single capacitor having a ?rst electrode and a second 

electrode that is at least partially received Within the 
?rst electrode, Wherein one of the ?rst electrode or the 
second electrode has a thermal coef?cient that is higher 
than the other electrode; and 

a glass member extending at least partially betWeen the 
?rst and second electrodes to electrically isolate the 
electrodes and support the second electrode in a 
selected position relative to the ?rst electrode. 
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13. Amethod of assembling a fuel sensor, comprising the 

steps of: 
arranging tWo electrodes such that spacing exists betWeen 

the electrodes through Which ?uid may ?oW by placing 
one of the electrodes at least partially Within the other 
electrode; 

placing a glass member betWeen the tWo electrodes by 
placing the glass member over the one electrode before 
inserting the one electrode into the other electrode; and 

subsequently heating the electrodes and the glass member 
to seal an interface betWeen the glass member and each 
of the electrodes, to secure the glass member to each of 
the electrodes and to maintain the spacing betWeen the 
electrodes. 

14. The method of claim 13, Wherein the electrodes have 
different thermal coef?cients and including compressing the 
glass member betWeen the electrodes. 

15. The method of claim 13, including subsequently 
molding a plastic housing at least partially over one of the 
electrodes. 

16. Amethod of assembling a fuel sensor, comprising the 
steps of: 

arranging tWo electrodes such that spacing exists betWeen 
the electrodes through Which ?uid may ?oW; 

placing a glass member betWeen the tWo electrodes; 
securing the glass member to each of the electrodes to 

thereby maintain the spacing betWeen the electrodes; 
and 

subsequently molding a plastic housing at least partially 
over one of the electrodes. 


